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Abstract
Background: Nano-hydroxyapatite (n-HAp) is one of the most biocompatible 
and bioactive materials and has gained a wide attention in medicine and dentistry. 
Recently, a few reports have shown that n-HAp has some potential to repair dental 
enamel, but poor explanation is available regarding the effect of n-HAp to fluor, Ca/P 
ratio, and sodium silicate values on enamel surface in correlation with remineralization 
time. Aim: The aim is to study the comparative assessments of enamel surface 
morphology and descriptive analysis of fluoride, Ca/P ratio, and sodium silicate 
after immersed in four different solutions in 90, 180, 270, and 360  min. Materials 
and Methods: The crowns of 16 teeth specimens were decoronated from the roots 
using a water-cooled diamond bur and divided into four groups at random, and 
separately, based on four different solutions: Solution 1 is NaCl 0.9% with as much 
as 0.15  ml as control, solution 2 is a demineralized solution which is consisting of 
0.3% citric acid at pH 3.25 - maintained with the use of sodium hydroxide in 10 ml 
as demineralization group, solution 3 is n-HAp toothpaste (4.8 g dissolved in water 
as much as 14.4 ml) + 0.15 ml NaCl 0.9% as n-HAp1 group, and solution 4 is n-HAp 
toothpaste + demineralization solution as n-HAp2 group. The whole group was 
put into an incubator at 37°C after being centrifuged at 70 rpm for 3 min and then 
washed in distilled water for 2  min, dried at room temperature, and visualized by 
scanning electron microscopy/energy dispersive X-ray at 1.2 kV. Conclusion: The 
present study concludes that n-HAp toothpaste does not provide any preservative 
remineralization potential on enamel surface. Clinical Significance: Mineral loss 
in demineralization enamel was not uniform and varied in different parts of the 
lesions. Duration of acid exposure times has been shown to decreasing the ability of 
toothpaste to restoring demineralization conditions. Under normal conditions, the 
best time to brush one’s teeth with n-Hap toothpaste is every 6  h while under the 
demineralization condition is 3.5 h.
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Introduction
Nano-hydroxyapatite (n-HAp) is considered one of the most 
biocompatible and bioactive materials and has gained wide 
attention in medicine and dentistry in recent years.[1] Nano-sized 
particles have similarities to the apatite crystals of tooth enamel 
in morphology and crystal structure.[2]
Hydroxyapatite Ca10(PO4)6(OH)2 belongs to a class 
of naturally occurring minerals called apatites.[3] The 
demineralization of enamel under acidic conditions essentially 
happens due to the dissolution of the HA component and leads 
ultimately to dental caries.[4] When demineralization occurs, Ca 
and P as the main compositions of the enamel will cause changes 
and then lead to enhanced lesion formation.[5,6] Remineralization 
has a vital impact on the strength and hardness of dental 
enamel.[7-9] Remineralization is described as the repairing of 
established lesions and has been reported to need 90–180 min to 
give maximum effect.[10]
Fluoride treatment has been known to lead to the 
strengthening of tooth enamel by preventing dissolution of 
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HA.[11] For this purpose, generally, fluorides have been used 
in toothpaste formulations.[12] Furthermore, for efficient tooth 
remineralization, the toothpaste requires buffer agents. The 
common buffer agent used in toothpaste is sodium silicate.[13,14] 
One research report has suggested sodium silicate containing or 
without the addition of fluor, was significantly more effective at 
enhancing remineralization of bovine root dentin lesions.[2]
Recently, few reports have shown that n-HAp has some 
potential to repair dental enamel, but evidence is still incomplete 
regarding the effect of n-HAp to fluor, Ca/P ratio, and sodium 
silicate values in correlation with remineralization. Based on 
these backgrounds, the first aim of this in vitro study was the 
comparative assessments of enamel surface morphology and 
descriptive analysis of fluoride, Ca/P ratio, and sodium silicate 
after immersed in n-HAp toothpaste in 90, 180, 270, and 
360  min. The second aim was to study the analytical assess of 
silicon and sodium, which has not previously been studied.
Materials and Methods
The research was conducted in January 2017 in three different 
faculties in Syiah Kuala University: Faculty of Dentistry, 
Faculty of Veterinary, and Faculty of Mechanical Engineering. 
This study uses a post-test only control group design that used 
16  specimens. The crowns of all the teeth were decoronated 
from the roots using a water-cooled diamond bur.[15]
The specimens were divided into four groups at random 
and separately based on four different solutions: Solution 1 is 
NaCl 0.9% with as much as 0.15  ml as control, solution 2 is a 
demineralized solution which is consisting of 0.3% citric acid at 
pH 3.25-maintained with the use of sodium hydroxide in 10 ml 
as demineralization group,[16] solution 3 is n-HAp toothpaste 
(4.8 g dissolved in water as much as 14.4 ml)[17] + 0.15 ml NaCl 
0.9% as n-HAp1 group, and solution 4 is n-HAp toothpaste + 
demineralization solution as n-HAp2 group.
The whole group was put into an incubator at 37°C after being 
centrifuged at 70 rpm for 3 min.[18] At the end of the experimental 
phase, the samples were washed in distilled water for 2 min, dried 
at room temperature,[10] and visualized by the use of a scanning 
electron microscopy/energy-dispersive X-ray (SEM/EDX) at 
1.2  kV (TM3000 Tabletop Microscope/SwiftED3000 Hitachi 
High-Technologies Corporation).
Result
Scanning Electron Microscopy
SEM of control (a) showed that enamel surface is generally 
smooth with a regular pattern; SEM images indicate that 
elements with a high atomic number are dominant on this 
surface. The samples subjected to demineralization solution 
(b) presented direct dissolution of the surface. SEM images 
revealed extensively eroded enamel and microporous surface 
after 90–180  min of the exposure. The 270  min of exposure 
showed enhanced porosity and cracks, and then after 360 min, 
the enamel pattern displayed more dissolution. SEM images 
indicate a wider number of elements with low atomic numbers 
in this area.
SEM of n-HAp1 (c) confirmed regular surfaces, presence 
deposit, and indicates elements with high atomic numbers 
dominant in this area. SEM of n-HAp1 showed better surfaces 
after 180, 270, and 360 min of the exposure, respectively. SEM 
images of n-HAp2 (d) confirmed irregular enamel surfaces 
after 90 min and then showed regular and smooth surface after 
180 min but showed enhanced porosity and displayed dissolution 
surface after 270 and 360 min. Both 270 and 360 min of exposure 
indicate elements with low atomic numbers are dominant in this 
area. The typical features observed are shown in Figure 1.
Elemental analysis of the sample by EDX
The EDX analysis highlighted the presence of fluoride, calcium, 
phosphor, Si, and sodium in all analyzed sections. Elemental 
analysis of the sample by EDX can be seen in Figure  2. The 
Figure 1: Scanning electron microscopy images of each group
Figure 2: Elemental analysis of the specimens by energy-dispersive 
X-ray
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collection energy level was made at three energy levels: K, L, and 
M (weight-mass ratios, at-atomic percentages).[19]
The fluoride showed an up-down trend in the samples 
treated with solutions with n-HAp and NaCl (group n-HAp1) in 
all cases. Fluoride is the highest level on the control after 90-min 
but was not present zero in the following values after 180, 270, 
and 360 min. Similar with this, demineralization group showed 
1.19% after 90 min of exposure but showed zero values after 180, 
270, and 360 min, respectively.
Calcium was the predominant element in all sections 
studied except on n-HAp2 after 360  min. The highest ratio 
of Ca/P ratio occurred on demineralization group after 
360  min, while the lowest ratio presents on n-HAp2 after 
90 min. Ratio of Ca/P results can be seen in Table 1.
The average value of the ratio of Ca/P was calculated 
from Ca/P ratio per minute as demonstrated on Table  2 
showed control, demineralization, and nHAp1 have a 
similar ratio (0.01), while n-Hap2 showed low average 
(0.003).
The reduction in the Ca/P loss was calculated as the difference 
between the loss of mineral Ca/P loss from enamel sections that 
had not been enriched with n-HAp toothpaste (control) and 
n-HAp toothpaste against acids (demineralization). Figure 3 was 
obtained from the quotient of the average ratios of n-HAp1 and 
n-HAp2, control and demineralization, and demineralization 
and n-HAp2. The highest percentage describing loss of Ca/P 
ratio was showed from the comparison between control 
and demineralization group, while a comparison between 
demineralization and n-HAp2 showed the lowest Ca/P loss 
percentage.
The percentage of sodium silicate fluctuated in all sections 
studied. The highest value occurred on group n-HAp2 after 
90 min, and the lowest values were zero, which was present in 
all groups. EDX of sodium silicate of each group can be seen in 
Table 3.
A statistical breakdown by Pearson to determine the 
correlation of the Si among all groups can be seen in Table 4. The 
correlation of Si between control and demineralization group 
was weak and linear. The correlation of Si between control and 
nHAp1 was strong and linear. Similar with this, correlation of Si 
on control and nHAp2 also was strong and linear. Furthermore, 
the correlation of Si between demineralization and nHAp1 
was weak and non-linear while between demineralization and 
n-HAp2 was strong and linear. The correlation of Si between 
n-HAp1 and nHAP2 was weak and linear.
The correlation between Si and sodium on demineralization 
group was strong (r = 0.978), linear, and significant (P < 0.05); 
Pearson’s study also described the determinant factor of this 
correlation as 95.6%. The relationship between Si and Na on 
nHAP1 was strong but non-linear correlation (r = −0.954) 
and significant (P < 0.05). The determinant factor of this 
correlation was 91%. These correlations can be seen in Table 5. 
The correlation between F and Si was weak, non-linear, and 
insignificant. Similarly, the correlation between F and sodium 
Table 1: Ca/P ratio of each group
Time Control Demineralization n-Hap1 n-HAp2
90 2.98 1.53 1.34 0
180 1.43 1.64 2.81 1.37
270 2.10 2.35 1.24 1.43
360 2.73 3.20 1.27 0.96
Table 2: The average of Ca/P per minute of each group
Time Control Demineralization n-Hap1 n-Hap 2
1st 90 0.033 0.017 0.014 0
2nd 90 0.008 0.009 0.015 0.007
3th 90 0.007 0.008 0.004 0.005
4th 90 0.007 0.008 0.003 0.003
Average 0.01 0.01 0.01 0.003
Table 3: EDX of sodium silicate of each group
Group Na Si
90 180 270 360 90 180 270 360
Control (NaCl) 0 0.578 0.824 0 0 0.345 1.412 0.823
Demineralization 0 1.741 0 0.225 0.649 0.697 0 0.189
nHAp1 0.94 0.00 2.70 0.38 0.00 0.29 1.77 0.00
n-HAp2 2.01 0.73 0.18 0.21 14.81 0.40 0.00 0.80
EDX: Energy-dispersive X-ray
Figure 3: Comparison of Ca/P ratio loss
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(Na) has been shown as weak and linear direction, while the 
correlation between F and O showed a strong, linear, and 
significant correlation. These correlations can be seen in Table 6.
Discussion
The smooth and scratched appearance of the control group 
was a common finding in other studies with permanent teeth 
carried out with SEM according to Thylstrup and Fredebo.[20] 
The scratched pattern and the smoothening of developmental 
irregularities were gradually caused by a reaction of the enamel 
surface to the abrasion caused by tooth brushing. Neves et al.[21] 
also stated that the structure of the tooth surface with the typical 
perikymata pattern was regularly lost and replaced by a scratched 
pattern.
In this study, the acid was used to simulate the morphologic 
alterations that occur on the enamel surface. The enamel surface 
patterns were not uniformly demineralized, mineral from the 
enamel was lost, and few region of enamel structure remained. 
This result, similar with Xue et al.[22] that have reported mineral 
loss in demineralization enamel was not uniform and varied in 
different parts of the lesions. Furthermore, after the first 90-min 
of demineralization to 360-min of demineralization, the enamel 
displayed cracks on the surface. These findings confirm that 
mineral loss in demineralization depends on exposure time.
Interestingly, in the first 90 min, the demineralization group 
presents a deposit on enamel surface. This condition showed 
mineral normally defends against acid.[23] Unfortunately, this 
condition only occurs after the first 90-min, as at 180  min as 
confirm by SEM, the enamel surfaces have been shown to 
dissolve. Along with the increases of exposure times, an acidic 
condition increases the hydroxyapatite becomes more soluble. 
Duration of acid exposure times has been shown to decreasing 
the ability of toothpaste to restoring demineralization conditions. 
Exposure times without addition of sufficient remineralization 
agents in n-HAp toothpaste influence fluor ions to dissolve on 
enamel surface. This minimum coating effect makes enamel 
crystals unsecure so that no demineralization takes place until the 
acid generating condition reaches the critical pH of fluorapatite 
(pH = 4.5).[24] At a low level of fluoride that presents in toothpaste 
among the enamel crystals inhibiting unmarked dissolution of 
the tooth mineral by acid. This condition continually will affect 
the porosity of enamel surface and lead pathological change, 
namely, caries.[25]
Nevertheless, results of studies clearly indicate that fluoride 
improves the capability of Ca/P ratio to prevent enamel from 
demineralization. This result is consistent with approximately 50% 
of Ca/P loss, which has been confirmed by the result of comparison 
between control and demineralization group. Fluoride is most 
frequently used as a remineralizing agent, where the toothpaste 
maker found implicates the specific form of calcium phosphate 
supports possible bioavailability of consistent ions in the vicinity 
of hard tissue to promote mineral recover in apatitic forms.[26] 
Fluoride presence among of enamel stops reducing the enamel 
demineralization by forming fluorhydroxyapatite as confirmed 
by SEM images. Enamel with contain fluor was indicates more 
lightly than non-fluoride enamel. Similar with this, Hicks et al.[27] 
state that remineralization may be enhanced by providing low 
levels of calcium and phosphate, in conjunction with minimal 
amounts of fluoride. After 90 min of exposure, fluoride in n-HAp 
showed a capability to increase the mineral found in teeth (Ca/P) 
but decline little by little linear with decreasing following values of 
Ca/P ratios after 180, 270, and 360 min. This result also perfectly 
matched with the previous research that found the way which 
of fluoride increases remineralization is supported by sufficient 
values of calcium and phosphor on enamel.[28]
Furthermore, the existence of the silicon on normal enamel 
and enamel demineralization is not so different. This result 
is matched with the previous studies that have reported Si 
has indifferent values both on normal and demineralization 
enamel. Both Si and Na on n-HAp toothpaste evidently have the 
potency to improve either demineralization or remineralization. 
Silicone is known as the capability to make crystals of enamel 
more resistant to acid.[29,30] In the form of NaF, silicone was 
supporting Na either as buffer or anti-demineralization agents. 
In the demineralization condition, Si was supporting Na as 
a demineralization agent in the form of Na +.[14] In acidic 
conditions, silicone tries to cover porous areas caused by acids 
but is not able to penetrate deeply into tooth enamel.[31,32] 
Limited amounts of Si in n-HAp toothpaste cause silicon to not 
spread evenly on the entire surface of the enamel; consequently, 
other porous surfaces will be vacant, leading to acid attacking 
this surface.
Table 4: Correlation of silicon (Si) in all groups
Value Comparison groups
Control and 
demineralization
Control and n-HAp1 Control to n-HAp2 Demineralization and 
n-HAp1
Demineralization and 
n-HAp2
n-HAp1 and nHAp2
rho 0.305 0.573 0.540 −0.407 0.723 0.281
Table 5: Correlation of sodium silicate in demineralization and 
n-HAp
Value Correlation
Si demineralization and Na 
demineralization
Si nHAp1and Na nHAp1
r 0.978* −0.954*
R2 0.956 0.910
*P≤0.05
Table 6: The correlation of F, Si, Na, and O
Correlation F and Si F and Na
rho −0.082 0.345
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Overall results indicate that the buffer in the toothpaste in 
the study was not able to struggle acid, where the conditions 
were shown as stable only in the demineralization group after 
270-min of toothpaste application. Hence, it can be concluded 
that, under normal conditions, the best time to brush one’s teeth 
with toothpaste is every 6  h, while under the demineralization 
condition, it is advisable to brush one’s teeth every 3.5  h. It is 
advisable to conduct further research to determine the extent of 
this toothpaste, as the research can be instrumental in helping 
the remineralization and overcome early caries lesions, especially 
on the conditions in vivo with timescales and more varied types 
of acids.
Conclusion
The present study concludes that n-HAp toothpaste does not 
provide any preservative remineralization potential on enamel 
surface.
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